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This invention relates to ion exchange ma 
terials and more particularly, to stable combina 
tions of cation and anion exchange materials. 
Ion exchange as a method by which ionizable 

solids may be removed from liquid media is 
known. Among the first developments in the 
field Was the use of a single bed of a cation active 
Zeolite to soften water by replacing the metallic 
ions lending hardness thereto with sodium ions. 
It was later found expedient to use two beds 
of ion active material, one cation active and 
One anion active, in series and thus remove both 
cations and anions from liquid media. A most 
effective and efficient demineralization process 
has as one of its important features the use of 
a plurality of pairs of cation and anion ex 
changers. 
The use of a single bed of mixed cation and 

anion exchange materials in place of separate 
alternate beds thereof has also been described. 
Many advantages may be attained by the use 
of mixed cation and anion exchange materials. 
In the first place, such a mixture often gives 
more efficient and more complete demineraliza 
tion. Secondly, it permits the use of conven 
tional types of equipment for liquid demineraliza 
tion since it does not require any special equip 
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One outstanding disadvantage in the use of 
mixed resins whether they be part of a Com 
mercial installation or in a portable, disposable 
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ment. As a result, mixed resins are useful in 
Commercial installations either in the form of 
beds or as filter coatings and either in batch 
processes Or in Continuous processes. 
Development in the field of liquid treatment 

by ion exchange processes has proceeded along 
another line simultaneously with that of the in 
creased use of mixed ion exchange materials. 
Since purification of water or, in general, re 
moval of ionizable solids from liquid media by 
means of a multi-bed System involves the use 
of heavy equipment including metallic, porcelain, 
or wooden tanks of considerable size, and be 
cause of the heavy demand for a highly purified 
Water of a quality comparable to distilled water 
in many places where stills are not available 
or where it would be difficult to transport the 
stills and equipment normally used in purify 
ing Water by means of ion exchange materials, 
a lightweight portable water purification unit 
has seemed desirable, particularly for use in con 
nection. With military operations. As a result, 
disposable, portable cartridges containing alter 
nate beds of anion and cation exchange ma 
terials have been developed. The next step in 
the development was the packing of mixed ion 
eXchange materials instead of alternate beds of 
such materials in disposable cartridges. . 
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cartridge of one sort or another lies in the ex 
cessive waste material originally considered 
necessarily inherent in processes using mixtures. 
The resins had to be discarded after they once 
became exhausted, and in view of the relative 
ly high cost of ion exchange resins this procedure 
was not practical. This disadvantage has been 
overcome by the development of various processes 
for separating one resin from another in admix 
ture. 
Another and more critical disadvantage in the 

use of mixed resins is the instability of mixtures 
of most of the cation and anion exchange ma 
terials known at the present time. Apparently 
upon combining the two types of materials slight 
decomposition and a sort of neutralization of 
the effect of one by the other occurs since the 
capacity for the removal of ions from liquid 
media, drops considerably in most cases after 
only a short time of contact. 

It is an object of the present invention to pro 
vide a combination of anion and cation exchange 
materials which is stable over a period of time. 
Another object of the present invention is to 

provide a stable combination of anion and cation 
exchange materials which has a shelf life of at 
least 24 weeks. 
The above and other objects are attained by 

providing for liquid purification by ion exchange 
a combination of an anion active resin which is 
the reaction product of an alpha-chloro 
betagamma-epoxy compound and at least one 
alkylene polyamine in the ratio of at least two 
mols of epoxy compound per mole of polyamine 
with a cation active resin which is an alpha 
furyl substituted organic sulfonate reacted with 
and insolubilized by an aldehyde. 
The invention will be described in greater de 

tail in conjunction with the following specific 
example which is merely illustrative and not in 
tended to be restrictive of the scope of the in 
vention. 

Eacample 
A Series of cylindrical containers about 16 

inches long and about 3 inches in diameter which 
are made of cardboard lined with metal foil and 
coated With asphaltum or other water proofing 
material are provided with a liquid inlet at the 
bottom of the container and a liquid outlet at 
the top of the container. These may consist 
simply of a cork through which extends a glass 
tube onto which is attached rubber tubing. 
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The containers or cartridges are all packed in an kept at a temperature between 44-47 C. After 
identical manner with a mixture of an activated all the epichlorohydrin has been added the re 
and rinsed granular cation active resin prepared sulting syrup is maintained at a temperature of 
according to Example 5 of U. S. Patent No. about 50° C. for about 8 hours. 
2,327,233, and an activated and rinsed anion 5 he gelled Syrup is then heated or cured at a 
resin 'A'. prepared as described in detail below, temperature of about 95°-105° C. for 17-18 hours. 
said mixtures containing the cation and anion The cured resin is ground and the ground mate 
resins in a 1:1 proportion by volume. In order rial set aside for use in the resinous mixtures of 
to determine the initial capacity of the particu- the present invention. 
lar mixture a single cartridge is exhausted by () The present invention is not limited to the par 
water containing 125 p. p.m. (parts per million) ticular resins described in the example. Any 
of sodium, 125 p. p. m. of chloride, a calcium granular Water-inSoluble resinous reaction prod 
hardness of 123 p. p. m. and a bicarbonate al- uct of an alpha-chloro-betagamma-epoxy Com 
kalinity of 130 p. p. m., all quantities figured as pound and an alkylene polyamine in the molar 
calcium carbonate. The resin mixture is found ), ratio of at least 2:1 may be used in place of resin 
to have an initial capacity of 15.3 kilograins as 'A' of the example. Further details of this gen 
calcium carbonate per cubic foot of cation resin, eral type of anion active resin may be found in 
as determined from the following data: the Copending application of James R. Dudley 

Properties of Effluent 
Specific 

isi, Estage E; through- at 20° C. free Naas CO as Hardness in ohns RE p... . . as pH 
asp. p.m. 

3,600,000 0 O 1.5 7.8 
9,600,000 O O 0. 0 6.95 

- >10,000,000 O O 0. O. : 6.9 
66. - >10,000,000 O O O 0 6,8 
84--------------- >10,000,000 O 0. O O 6. 
102.-- - 2,750,000 O 0. 0 O. 8.9 
120- 195,000 O 0 23 2, 4.9 
138. 85,300 0 O 85 4. 4.7 
156- - - 60,000 0 0.5 65, 3.5 4.55 
165-------------- 50,000 O 210 5 4.45 

The remaining cartridges are exhausted in a 35 and Lennart A. Lundberg, Serial No. 616,644, filed 
similar manner, one at a time, at regular inter- September 15, 1945, now Patent No. 2,469,683, 
vals. After 34 weeks, the final cartridge, upon issued May 10, 1949. 
being exhausted by Water containing 130 p.p.m. According to the Dudley and Lundberg appli 
as calcium carbonate each of Sodium, chloride, cation identified above, mixtures of two, three, 
calcium, and bicarbonate, is found from the fol- 40 four, five, seven or any other number of poly 
lowing data to have a capacity of 8.4 kilograins annines may be employed. 
as calcium carbonate per cubic foot of cation Examples of Suitable polyamines include 1,3-di 
resin. aminopropane, 1,4 - diamino-n-butane, 1,3 - di 

Specific Properties of Effluent 
thai Siege --------arrad-a-a- 
rough- a. FMA Na CO Hardness 

in ohms aS).p.m. asp. p. m.a.s. p.a.asp. p. Il. pH 

5,300 2 0. 29 0 4.1 
218,000 O 0. 5 O 5.0 
63,000 O 0. 143 0 4.5 

87--------------- 49,000 O O 269 0 4.4 

The present invention is not limited to the amino-n-butane, i,5-diamino-n-pentane, 1,6-di 
combination of the particular anion and cation amino-n-hexane, 1,10-diamino-n-decane, 1,6-di 
resins only in the 1:1 proportion by volume of amino-3 methyl-n-hexane, 3,3'-diamino dipropyl 
the example. In general, I prefer mixing the ether, and other similar diamines containing 
resins in a proportion of 1:1 by volume but I hetero atoms in the chains separating the amino 
have found that this proportion can be varied groups, triethylene tetramine, pentaethylene hex 
from 3:1, cation:anion, to 1:3, cation: anion, all it amine and all of the higher homologs thereof con 
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proportions being expressed in parts by volume, taining additional -CH2CH2NH- groups in the 
depending upon the particular influent, its rate chain between the primary amino groups etc. 
of flow and the effluent desired. Complex mixtures of polyethylene polyamines of 

Preparation of resin 'A' high molecular weight obtained by the addition 
65 of large numbers of molecules of ammonia to 

203 parts of tetraethylene pentamine (1:1 mols) ethylene dibromide or ethylene dichloride and the 
297 parts of epichlorohydrin (3.2 mols) like may be used. 
500 parts of water It is essential that the molar ratio of epichloro 
The tetraethylene pentaine is charged into a hydrin to the polyamine be at least about 2:1 

suitable reaction vessel provided with an agitator 70 when the two Substances are brought together in 
and a means for Cooling the Wessel. The Water Order to obtain insoluble resins. There is no 
is added to the tetraethylene: pentamine, the re- maximum amount of epichlorohydrin which may 
Sulting Solution is cooled to about 44°-47 C., and be used but generally it should not exceed a molar 
the epichlorohydrin is added slowly while the re- ratio of 5:1 or with polyamines having more than 
acting mixture is being continuously agitated and 75 five amino groups the ratio should not be greater 
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than 1 mol of epichlorohydrin for each amino 
group in the polyamine. . . - ". . . . 

. Instead of epichlorohydrin other substances 
having an alpha-chloro-betagamma-epoxy ar 
rangement are suitable for reaction with poly 
amines to produce anion active resins. Among 
these some examples are: 

CH 

CE 

C-CH-)-CH, 
N/ 
O 

Cas 
ci-CH-CH-CH 

Yo/ 
(CH)sCH 

C-CH-CH-CH 
N / 
O 

CHCCH) 
Cl–CH-CH-bh 

N o/ 
(CH2)CH 

Cl-CH-CH-CH 
- N o/ 

CH 

c-le-CH-CH, 
N o^ 

CH 

C-C-CH-CH, 
&H, Yo/ 

Similarly, while the cation active resin of the 
example is that prepared according to the details 
of Example 5 of the U. S. Patent No. 2,372,233, 
other alpha-furyl Substituted organic Sulfonates 
reacted with and insolubilized by aldehydes such 
as described in the afore-mentioned patent may 
be substituted therefor. 
The cation active resin may be activated by 

treatment with dilute acid solutions, e.g., 0.1-10% 
of hydrochloric acid, sulfuric acid, etc., followed 
by Washing of the material with Water to remove 
free acid. 
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In the present specification and claims ap 

pended thereto, the term "shelf life' is intended 
to indicate the stability upon standing (for ex 
ample, on the shelf of a Supplier) of a combina 
tion of resins. If, after at least 24 Weeks the resin 
combination has a capacity for the removal of 
ionizable Solids from liquid media of at least 
kilograins as calcium carbonate per cubic foot of 
cation resin, then the resin combination is Said 
to have a satisfactory shelf life or a shelf life of 
at least 24. Weeks. . . . 
The term "ionizable solids' or "ionizable ma 

terials' is intended to include both volatile and 
non-volatile materials. The major proportion of 
these solids are inorganic, but some organic sub 
stances may be included. These ionizable Solids 
are impurities in the sense that they are not 
desired in admixture in the fluid to be purified but 
they may in themselves be valuable or desirable 
materials. 
The capacity of the resin combination is calcu 

lated in the following manner from the experi 
mental data, given in the examples. It has been 
found that water having a resistance of 50,000 
ohms or higher is generally of satisfactory purity. 
Accordingly, the neaSurement of the specific re 
Sistance of effluent over a period of time will indi 
cate the point at which the water is no longer 
of the desired degree of purity, i. e., the point 
at which the resistance drops below 50,000 ohms. 
KnOWing how much Water has flowed through 
the resin combination, it is possible to calculate 
the number of gallons of good water which were 
prepared before exhausting the resins. The num 
ber of grains of ionizable Solids as calcium car 
bonate per gallon of influent is known and, by 
multiplying the total number of gallons of good 
Water by the number of grains of ionizable Solids 
per gallon of influent, it is possible to determine 
the number of grains of ionizable solids removed 
by the resin combination from the water which 
paSSed through. This figure is converted to 
grains per cubic foot of cation resin by multiply 
ing it by 28.3 which is equal to the number of liters 
in a cubic foot, and dividing by the number of 
liters of cation resin. Division of the figure so 
obtained by 1,000 gives the capacity of the resin 
combination in kilograins as calcium carbonate 
per cubic foot of cation resin. This method may 
be summarized by the following working equation: 

Capacity (kilograins as CaCO3/ft. of cation resin) = 

1000 (gallons of good waterxgrains as CaCO3 of influentxtter 
The anion active material may be activated by 

treatment with a dilute solution of an alkaline 
material, e. g., 0.1-25% solution of sodium hy 
droxide, sodium carbonate, by corresponding 
potassium salts, etc. 
The resin combination of the present inven 

tion may be used in a large household or industrial 
liquid purification installation or it may be used in 
a disposable cartridge. In either case the resin 
combination may take the form of a homogeneous 
mixture of the two types of resin or it may con 
sist of alternate layers of any desired thickness of 
anion active resin and cation active resin packed 

5. 
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tightly enough to prevent undue mixing of the two 
types of resin. Thus, my resin combination is one 
comprising anion active resin and cation active 70 
resin in which at least Some of the anion active 
resin particles are in direct contact with at least 
some of the cation active resin particles. When 
ever referred to in the present Specification as 
"resin combination,' this meaning is intended. 75 

liters in ft. ) 
s of cation resin 

This is a continuation-in-part of my copending 
application Serial No. 688,708, filed August 6, 1946, 
now abandoned. 
I claim: 
1. A combination of an anion active, granular, 

water-insoluble, resinous reaction product of epi 
chlorohydrin and an alkylene polyamine in the 
ratio of at least two mols of epichlorohydrin per 
mol of polyamine and a cation active granular, 
water-insoluble, resin which is an alpha-furyl 
Substituted organic sulfonate reacted with and 
insolubilized by an aldehyde, said combination 
after standing for at least 24 weeks having a ca 
pacity for the removal of ionizable solids from 
liquid media, of at least 7 kilograms as calcium 
carbonate per cubic foot of cation resin. 

2. A combination as in claim 1 which contains 
the anion and cation active resins in substantially 
equal proportions by volume. 

3. A combination of Substantially equal propor 
tions by volume of an anion active granular, 
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water-insoluble, resinous reaction product of epi 
chlorohydrin and tetraethylenepentamine in the 
ratio of 3 mols of epichlorohydrin per mol of 
tetraethylene pentamine and a cation active 
granular, water-insoluble, resinous reaction prod 
uct of fulfural and fulfuryl acetone sulfonate, 
said combination after standing for 34 weekshay 
ing a capacity for the removal of ionizable. Solids 
from aqueous, Solution of about 8 kilograins as 
calcium carbonate per cubic foot of cation resin. 

ALEXANDER. W. ALM. 
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